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Summary. Kidney malformations are common causes of 
chronic renal failure in children. Dysplastic kidneys 
represent a unique model of perturbed epithelial- 
mesenchymal interaction which leads to the formation of 
malformed branching tubules surrounded by un- 
differentiated and metaplastic mesenchymal cells. We 
have found that human dysplastic epithelia express 
PAX2 (a transcription factor), BCL2 (a survival factor) 
and galectin-3 (a cell adhesionlsignaling molecule). 
These genes are implicated in oncogenesis and their 
persistent expression may drive proliferation of 
dysplastic cysts, hence explaining the massive growth of 
some multicystic dysplastic kidneys. We have also 
detected prominent apoptosis in undifferentiated tissues 
around dysplastic epithelia, and this may provide a 
potential mechanism for the well-documented regression 
of dysplastic kidneys. Hence, although these kidneys 
may not have any excretory function, it is incorrect to 
consider them as 'end stage organs' because they are 
highly active in terms of cell  turnover and gene 
expression; furthermore, these processes can be 
correlated with patterns of tissue growth and involution. 
Further elucidation of 'molecular lesions' in renal 
malformations may lead to novel therapies to enhance 
the differentiation of progenitor cells. 
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Introduction 
Kidney malformations are the commonest causes of 
chronic renal failure in young children (Warady et al., 
1997) and these lesions are increasingly diagnosed in the 
fetal period by ultrasound imaging (Noia et al., 1996). 
Several histopathological categories of renal mal- 
formations are well-recognised in clinical practice 
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(Risdon and Woolf, 1998a): in 'renal agenesis' the kidney 
is absent; in 'renal dysplasia' the organ contains poorly 
differentiated and metaplastic tissue (i.e. cartilage), and 
may contain massively dilated cysts in multicystic 
dysplastic kidneys; in 'renal hypoplasia' the organ has 
fewer nephrons than normal; in 'vesicoureteric reflux' 
urine passes retrogradely from the urinary bladder into 
the ureter and into a kidney which may itself be 
malformed. These congenital anomalies can occur in 
isolation or as part of a multiorgan syndrome and can be 
sporadic or inherited (Woolf and Winyard, 1998). Many 
of the malformations are associated with obstruction of 
the urinary tracts and we have shown that experimental 
ureteric obstruction in animals reproduces some features 
of human dysplasia (Attar et al., 1998). In order to 
attempt to understand the pathogenesis of these develop- 
mental disorders, it is necessary to understand not only 
the anatomy but also the cell biology and genetic control 
of kidney development, or nephrogenesis. 
Cell turnover and gene expression in normal 
nephrogenesis 
The human metanephros, or precursor of the adult 
kidney, appears at five weeks of gestation when it 
consists of nephrogenic mesenchyme which condenses 
around the ureteric bud epithelium (Fig. 1A) (Risdon 
and Woolf, 1998b). Each tissue induces its neighbour to 
differentiate so that the mesenchyme forms nephrons and 
interstitial cells while the ureteric bud forms the 
branching collecting ducts as well as the urothelium of 
the renal pelvis and ureter. The first glomeruli form by 
nine weeks and nephrons continue to be generated until 
34 weeks; thereafter, growth continues by modification 
of pre-existing nephrons. In the human metanephros, 
these events are not only associated with cell proli- 
feration (Winyard et al., 1996a), an obvious prerequisite 
for growth, but also with a tightly controlled degree of 
programmed cell death, or apoptosis (Fig. 2) (Winyard et 
al., 1996b). This balance between cell proliferation and 
death has been postulated to regulate the number of cells 
within nephrons which is essential for normal morpho- 
genesis. Although a low level of glomerular filtration 







